Reasons for performing study: Our long-term aim is to develop a gene therapy approach for the prevention of laminitis in the contralateral foot of horses with major musculoskeletal injuries and non-weightbearing lameness. Objectives: The goal of this study was to develop a practical method to efficiently deliver therapeutic proteins deep within the equine foot. Study design: Randomised in vivo experiment. Methods: We used recombinant adeno-associated viral vectors (rAAVs) to deliver marker genes using regional limb perfusion through the palmar digital artery of the horse. Results: Vector serotypes rAAV2/1, 2/8 and 2/9 all successfully transduced equine foot tissues and displayed similar levels and patterns of transduction. The regional distribution of transduction within the foot decreased with decreasing vector dose. The highest transduction values were seen in the sole and coronary regions and the lowest transduction values were detected in the dorsal hoof-wall region. The use of a surfactant-enriched vector diluent increased regional distribution of the vector and improved the transduction in the hoof-wall region. The hoof-wall region of the foot, which exhibited the lowest levels of transduction using saline as the vector diluent, displayed a dramatic increase in transduction when surfactant was included in the vector diluent (9-to 81-fold increase). In transduced tissues, no significant difference was observed between promoters (chicken b-actin vs. cytomegalovirus) for gene expression. All horses tested for vector-neutralising antibodies were positive for serotype-specific neutralising antibodies to rAAV2/5. Conclusions: The current experiments demonstrate that transgenes can be successfully delivered to the equine distal extremity using rAAV vectors and that serotypes 2/8, 2/9 and 2/1 can successfully transduce tissues of the equine foot. When the vector was diluted with surfactant-containing saline, the level of transduction increased dramatically. The increased level of transduction due to the addition of surfactant also improved the distribution pattern of transduction.
Introduction
Laminitis affects all breeds of horses and results in intense suffering for those afflicted with its most severe forms. The encased location of the epidermal and dermal lamellae make laminitis challenging to treat. The same traits that make laminitis difficult to treat also make laminitis a particularly good candidate for a gene therapy approach. Gene therapy uses viruses as vehicles to carry 'good' genes into a patient's cells to fight or prevent disease. Viruses efficiently infect difficult-to-access tissues. To treat laminitis, gene therapy would use a virus to insert a therapeutic gene into the cells of the foot. These 'infected' cells will then produce a therapeutic protein within the foot to block the enzymatic degradation of lamellar tissues associated with laminitis.
In the current study, we chose to use recombinant adeno-associated viral vectors (rAAVs) because AAVs are very proficient at infecting cells and tissues and possess specific cell and tissue tropisms: the ability to transduce different types of cells or tissues with a range of efficiencies [1, 2] . This characteristic can be exploited to target specific tissues in vivo. Attachment to and entry into susceptible cells is mediated by the protein envelope on the surface of a virus. Some specific tropisms include: AAV1 (retina, pancreas), AAV2 (liver, kidney), AAV5 (lung, retina), AAV6 (heart, lung), AAV7 (retina), AAV8 (liver, retina, pancreas, heart) and AAV9 (liver, heart, brain, lungs, pancreas, kidney).
Adeno-associated viruses are safe to use and are currently being used in human clinical trials. Adeno-associated virus is an infectious human virus with no known disease association. It is predominantly a nonintegrating vector; it rarely inserts its viral DNA into the chromosomal DNA of the host. Because of this it is associated with a greatly reduced risk of causing insertional mutagenesis or disrupting the patient's DNA. It is known to be less immunogenic than are other commonly used adenoviral vectors and can provide long-term expression in a variety of target tissues. To prepare AAV for gene therapy, we remove the genes for viral replication ('modified virus'), insert the genes we want to transfer (therapeutic or marker gene) and the virus will then induce the production of the desired protein in the virus-infected cells and tissues, but the virus cannot proliferate. By replacing nonessential viral genes with desired beneficial genes, recombinant viruses can be used to deliver therapeutic genes and proteins to target tissues proficiently.
Our specific long-term goal is to develop a gene therapy approach for the prevention of laminitis in the contralateral foot of horses with major musculoskeletal injuries. We hypothesise that gene therapy can be used in vivo to protectively modify the internal tissue environment of the distal extremity without disrupting normal hoof architecture and that a rAAV can be used to transfer a therapeutic gene to equine foot tissue using local vascular perfusion. The current study was designed to 1) determine the optimal rAAV vector serotype and dose for effective transduction of tissue within the equine distal extremity, and 2) determine the biodistribution pattern of molecular markers following regional intra-arterial perfusion with a rAAV vector into the equine foot. Our approach will add a novel research and potentially therapeutic tool to the currently available options for investigating, treating and preventing laminitis.
Materials and methods

Experimental design
Seven (of 13 candidate animals) adult mixed-breed horses were used. Horses were selected on the basis of physical examination and digital radiographs, and were free from sepsis, chronic drug therapy and laminitis. Ages ranged from 12 to 26 (mean 21) years with body weights between 437 and 683 kg (mean 544 kg). Animals were kept at pasture in groups. Horses were randomly assigned to serotype/dose/surfactant treatment groups. Seven horses received rAAV vector diluted in saline or surfactant in both front feet and samples were collected between 7 and 21 days post vector injection.
Vector production
Six different rAAV vector configurations were used (Table 1) including serotypes 2/1, 2/5, 2/8 and 2/9 with chicken b-actin (CB) and cytomegalovirus (CMV) promoters (to promote/enhance expression of the transgene), and a b-galactosidase (b-gal) transgene with a nuclear localisation signal (nLacZ) or an enhanced green fluorescent protein (eGFP) transgene. Our vector configurations were based on the AAV2 viral genome packaged in different serologically distinct capsids, which altered the distribution of the vector DNA and host cell range, allowing us to preferentially direct the recombinant virus to different tissue types. AAV2/1, for example, is the AAV2 genome packaged in the AAV1 capsid serotype and AAV2/9 is the AAV2 genome packaged in the AAV9 capsid serotype. Recombinant AAV2-CMV-eGFP, rAAV2-CB-nLacZ and the rAAV2/1, 2/5, 2/8 and 2/9 packaging constructs were generated and vectors were produced by triple transfection and purified as previously described [3] [4] [5] [6] . Briefly, a CMV-or CB-driven transgene cassette encoding eGFP or nLacZ, flanked by AAV2 inverted terminal repeats, was cotransfected into cells from the human embryonic kidney (HEK) 293 cell line with a packaging plasmid encoding the rep and cap genes. Adenoviral helper function was provided in trans from a third helper plasmid, pDF6. Recombinant AAV vector purification was performed as previously described [6] . All vector preparations were banded on 3 sequential CsCl density gradients. The bovine growth hormone polyadenylation sequence (bGH) was included in all vectors to allow titre and biodistribution analysis, regardless of the vector configuration used. Vector titres were assessed by TaqMan a qPCR with primers and a probe specific for the polyadenylation signal in the vector transgene cassette (bGH forward: GCCAGCCATCTGTTGT; bGH reverse: GGAGTGGCACCTTCCA; bGH Probe: 6FAM (fluorescein-fluorescence donor) -TCC CCC GTG CCT TCC TTG ACC -TAMRA (carboxytetramethylrhodamine quencher)). All rAAV vector configurations used in the current study were previously tested in vitro and ex vivo in equine cells and tissues [1, 7] .
Animal procedures
Horses were placed in lateral recumbency under general anaesthesia and both front fetlocks and pasterns were clipped and scrubbed with antiseptic solutions. A 2 cm incision was made directly over the neurovascular bundle coursing over the abaxial, uppermost proximal sesamoid bone. The palmar digital artery was bluntly dissected from the bundle and a 14 gauge over-the-needle intravenous catheter (Arrow catheter) b was inserted. The incision was closed over the catheter to allow more distal positioning of a pneumatic tourniquet. The top of the tourniquet was positioned in the midmetacarpal region and extended distally over the metacarpophalangeal joint and was inflated to 400 mmHg (Fig 1a) .
Fluoroscopy, using the iodinated contrast agent/fluorophore iohexol (Omnipaque; 240 mg/ml) c was used to check that the position of the catheter tip was at the level of the distal sesamoid (navicular) bone, and to assess vascular filling by allowing visualisation of the injected fluid filling the vasculature of each foot (Fig 1b) . At a 25 ml volume, each foot was completely opacified. After complete filling was confirmed, the tourniquet pressure was released briefly to allow pressure to return to normal within the vasculature of the foot. The tourniquet was subsequently re-inflated and 25 ml of isotonic saline containing rAAV with or without the addition of 0.01% Pluronic F68 surfactant (Sigma-Aldrich) d was injected into the foot. All 7 horses received vector in both front feet (Table 1) . Marker genes were packaged in 6 different configurations and 3 dose levels (low = 6.0 9 10 12 , medium = (1.0-3.0) 9 10 13 and high = 6.0 9 10 13 viral copies (VC)). The dose is the number of copies of viral genome delivered (VC injected). The tourniquet remained inflated for 30 min after which the tourniquet and catheter were removed, limbs were bandaged routinely, an anti-inflammatory (phenylbutazone, 4.4 mg/kg bwt, i.v.) was administered and the horses were allowed to recover from general anaesthesia. All horses appeared normal post operatively with no signs of lameness and were housed in pasture conditions after recovery.
Tissue retrieval
Each horse had 7-21 days of normal activity and was then subjected to euthanasia following the 2000 AVMA Guidelines (median experiment duration = 7 days, Table 1 ). Both front and one hind foot, axillary lymph nodes, spleen, lung, kidney, brain, bone marrow and liver tissues were harvested at necropsy. Tissue retrieval began within a few minutes of euthanasia. The feet were disarticulated at the metacarpophalangeal joint and each foot was sectioned sagittally into 8 slices using a band saw (Fig 1c) . Tissue samples were collected from 10 distinct regions of each slice (labelled A-I, as in Fig 1d) using a No. 22 stainless steel surgical blade from the proximal (F), middle (E) and distal areas (D2) of the dorsal hoofwall region, from the palmar/plantar (A), axial (B and C) and dorsal (D) sole regions, and from the proximal (H) and distal (G) areas of the coronary band. Synovial tissue was collected from the distal interphalangeal joint (I) using iris dissection scissors and consisted of synovial, adipose and fibrous capsular tissue. Biodistribution of the injected rAAV vectors was assessed using 1) real-time qPCR and 2) histological assessment of whole and sectioned hoof tissue.
Histological analysis of b-galactosidase transgene expression
b-galactosidase expression was analysed in both cryopreserved tissue sections collected from each hoof region, and in intact, whole hoof slices. Regional tissue samples were placed in histology freezing boats, covered with OCT freezing solution e and placed in liquid nitrogen-cooled isopentane for approximately 30-45 s. The frozen tissue blocks were then placed on dry ice. When all samples had been collected, the frozen samples were placed at -80°C until further processing. Tissue slices cut at 6 lm were placed on slides, subjected to a quick fixation with paraformaldehyde and processed routinely for b-gal expression [8] . Whole, intact hoof slices were analysed in situ for b-gal expression (Fig 1d) . Intact hoof slices were collected, rinsed and stained at room temperature (21°C) for 24 h for b-gal expression. In cryosectioned and whole slice staining protocols, pH was maintained at or slightly above 7.0 to suppress endogenous b-gal enzyme activities. After staining for b-gal expression, the hoof slices were fixed in 10% neutral buffered formalin for 48 h. b-galactosidase-stained, intact hoof slices were imaged grossly with a digital camera and subsequently tissue from each region was removed and processed routinely for paraffin sectioning [8] .
Synoviocytes may produce significant endogenous levels of lysosomal galactosidase, an enzyme that may react with 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside (X-gal) during the b-gal staining procedure and produce false-positive signals [9] . We used a nuclear-targeted nLacZ gene to more easily identify b-gal staining that was due to vector injection, as opposed to endogenous LacZ-positive signals from lysosomal galactosidase in synoviocytes (Fig 2) . Nontransduced tissues were included during the staining procedures as negative controls. Sections were evaluated for cell/tissue-specific transgene expression by a board-certified pathologist (J.B.E.).
Regional quantification of vector copy number
Frozen tissue specimens were used for the isolation of DNA, which was subsequently used for the determination of the ratio of virus particles inside cells to the total number of cells in the sample. More specifically, the ratio of copies of the vector genome incorporated into cells in specific regions of the foot to copies of endogenous genomic DNA (cell number). Vector biodistribution analysis was performed by qPCR as described previously [10] . Briefly, total cellular DNA was extracted from freezer millpulverised hoof tissue (SPEX) f using a QIAamp DNA Mini Kit (Qiagen) g . Detection and quantification of vector genomes in extracted DNA were performed by qPCR using primer and probe sets targeted to the polyadenylation signal in the vector transgene cassette (bGH forward: GCCAGCCATCTGTTGT; bGH reverse: GGAGTGGCACCTTCCA; bGH Probe: 6FAM -TCC CCC GTG CCT TCC TTG ACC -TAMRA). The qPCR conditions were set at 100 ng total cellular DNA as template, 300 nmol/l primers and 200 nmol/l probes each. Cycles were for 10 min at 95°C, 40 cycles of 15 s at 95°C, and 1 min at 60°C. Genome copies (GC)/100 ng DNA was determined from the mean value of 3 runs. A value of 6.64 pg DNA per diploid cell was used to approximate endogenous genome copy number.
Neutralising antibody analysis
Neutralising antibody analysis was performed (Table 2 ) on serum samples collected from 13 candidate horses pre-vector injection and from 7 experimental horses post vector injection by the Immunology Core at the University of Pennsylvania as previously described [11] . Briefly, serum samples were heat inactivated at 56°C for 35 min. All vectors, including serotypes 2/1, 2/2, 2/5, 2/6, 2/8 and 2/9 were diluted (10 9 GC/well) in serumfree Dulbecco's modified Eagle's medium (DMEM) and incubated with 2-fold serial dilutions (initial dilution, 1:20) of heat-inactivated serum samples in DMEM for 1 h at 37°C. Subsequently, the serum-vector mixture was added to 96-well plates seeded with 1 9 10 5 hepatocyte derived cellular carcinoma (Huh7) cells/well that had been infected 2 h earlier with wild-type HAdV5 (50 VC/cell). After 1 h, each well was supplemented with an equal volume of 20% fetal bovine serum (FBS)/DMEM and incubated for 18-22 h at 37°C and 5% CO 2 . The cells were then washed twice in PBS and lysed, and the lysate was measured in a microplate reader. The neutralising antibody (NAb) titre was reported as the highest serum dilution that inhibited transduction for each vector by >50% compared with a mouse serum control.
Data analysis
Statistical analysis was conducted with JMP h . A Shapiro-Wilk test was used to determine normality. Experimental data were not normally distributed and were subsequently transformed (1/-log 10 ) and analysed with two-factor ANOVA without replication. Individual treatments were further analysed by paired Student's t test, two-tailed, unequal distribution of variance assumed. Test results were considered significant for P values ≤0.05.
Results
To compare the results of experiments where multiple vector dosages were used, we normalised the results to the dose of vector injected. For example, if we injected 1.0 9 10 12 copies of viral genome into an animal and we detected 2 viral copies (VC) in 10 cells (GC), this would be expressed as 2.0 9 10 -13 VC/GC/VC injected. This reflects the efficiency of the vector to transduce the tissue in the region of interest. 
Serotype effects
Increased tissue transduction was obtained with vector serotype 2/8 compared with serotype 2/9 (Fig 3a) and with serotype 2/1 (Fig 3b) . Transduction values within a foot were always greatest in a central section (slices 3 and 4, Fig 1c) compared with lateral and medial sections of the foot. Transduction with serotype 2/5 was not detected in any tissue samples tested (presumably due to neutralising antibodies to serotype 2/5).
Dose effects
When comparing vector dosage, the dose of vector injected had a significant effect on the distribution of vector transduction within various hoof tissues (all P values were <0.05, with the exception of medium to low dose at regions A (P = 0.07), E (P = 0.1) and F (P = 0.09), Fig 3c) . Low (6.0 9 10 12 VC) and medium doses ((1.0-3.0) x 10 13 VC) of vector displayed very similar transduction patterns and reflected the circulation pattern within the foot from the point of vector injection at the level of the distal sesamoid bone. The dorsal hoof wall region displayed the lowest transduction efficiency. The use of high doses of vector (6.0 9 10 13 VC) produced a different pattern of regional transduction compared with the use of medium and low doses, that is, a more even distribution throughout the foot. In the medium dose groups, no significant difference in regional or level of transduction was detected between doses of 1.0 9 10 13 VC, 2.0 9 10 13 VC or 3.0 9 10 13 VC. However, the lot of vector used for the 3.0 9 10 13 VC experiments (serotype 2/8) may have been compromised due to previous sub-optimal handling conditions.
Region-specific transduction
The stratum medium of the sole as well as the coronary lamellar epidermis (corium) were the most heavily transduced tissues within the foot (Fig 4) . Epithelial cells were the predominant cell type transduced; cells of the secondary epidermal lamina and hoof tubules were heavily transduced (Fig 4) . The images in Figure 4 demonstrate b-gal-stained cells in the suprabasal tubule and intertubular horn (rather than the basal cell layer; basal cells become suprabasal and intertubular horn cells as the hoof grows). Histological analysis of intact foot slices revealed the distal migration of transduced tissue/protein from the coronary band, down the hoof wall (Fig 4d) . Nuclear b-gal staining was not detected in tissues from noninjected hind feet or in any organs or any other tissues tested. Because the pH of our X-gal staining solution was maintained at or slightly above pH 7.0, most of the potential endogenous b-gal enzyme activity was <5  <5  <5  <5  <5  <5  <5  <5  <5  <5  <5  <5  <5  rAAV 2/5  10  10  5  10  10  40  80  40  20  20  10  40  20  rAAV 2/6  <5  <5  <5  <5  <5  <5  <5  <5  <5 
Values for neutralising antibodies (NAb) are defined as the highest serum dilution that inhibited vector transduction by >50%. Equine plasma from only one horse was tested for NAb to serotype AAV 2/1.
suppressed. However, mild cytoplasmic b-gal staining was noted in certain tissues, most notably kidney, brain and bone marrow.
Promoter effects
No significant differences were detected in gene expression between the CB promoter (which was used for most of the experiments) and the CMV promoter. In contrast to the potential effects on gene expression, values for tissue transduction/copy number are not typically influenced by promoter type.
Surfactant effects
When the vector was diluted in saline that included 0.01% surfactant, the level of transduction increased dramatically in all hoof regions compared with vector diluted in saline alone (Fig 3d) . The use of surfactant increased the level of transduction to a greater degree in the regions of the foot that were the most difficult to transduce (hoof wall) and showed the least benefit in easily-transduced regions (sole and coronary). This included an 81-fold increase in transduction in the centre of the hoof wall (region E) and a 51-fold increase in the proximal hoof-wall region F (Fig 1d) . The addition of surfactant to a moderate dose of vector significantly changed the regional distribution of transduction within the distal extremity to a pattern only seen previously with a 6-fold higher dose of vector (Fig 3e) .
Pre-existing neutralising antibodies
Subsequent to the first 2 experiments (serotype 2/5 and 2/8 vector injections), but prior to additional vector injections, the first 2 injected horses and 11 additional potential gene therapy candidates (13 horses total) were screened for pre-existing NAbs to serotypes 2/2, 2/5, 2/6 and 2/8. Serum samples were collected before and after vector injection from all injected horses. Every animal that was tested before vector Fold increase using surfactant injection was positive (≥5) for NAbs to serotype 2/5, 2 of 13 were positive for NAb to serotype 2/2 and one horse was positive for NAbs to serotype 2/6. In addition to this initial screen, of the 13 screened candidate horses, 3 animals received supplemental screening for serotype 2/9 (all negative, <5) and one animal received supplemental screening for serotype 2/1 (negative, Table 2 ). Data are not available for post injection NAbs for all animals, but representative values for animals that tested negative pre-injection were between 40 and 320 post injection. Animals that tested positive pre-injection were always ≥640 post injection. Seven of the initial 13-horse pool of candidates were used in these experiments.
Discussion
The current results demonstrate successful in vivo transduction of equine hoof tissues with a rAAV vector. In the current experiments, serotypes 2/1 and 2/9 were marginally less efficient than serotype 2/8 in the equine foot. These differences in transduction averaged only 2% and 6% for serotype 2/8 compared with serotypes 2/1 and 2/9, respectively. In previous in vitro experiments, serotypes 2/8 and 2/9 both demonstrated poor performance in equine diarthrodial joint cells and tissues. In these previous experiments, serotype 2/1 demonstrated more promising levels of transduction [1] . In contrast to these in vitro results, previous in vivo gene therapy results with serotype 2/9 demonstrated superior performance [12] . Delivery of treatments to the equine foot is significantly limited by the innate architecture of the hoof. However, there is abundant communicating vascular plexus throughout the foot, so pressurised fluid placed in the palmar digital artery is efficiently distributed. The profuse vascular plexus within the equine foot probably offered an advantage to the vector serotype best able to cross blood vessel barriers, giving an advantage to serotype 2/8 [6, 13] . However, with n = 1 for serotype 2/1, interpretation of results for this serotype are reserved.
The notable difference in regional transduction of the foot, between the sole and coronary regions and the hoof-wall region was probably influenced by the circulation patterns within the foot. The sole receives a rich blood supply from the circumflex artery of the sole as well as the terminal arch blood supply [14] . This high level of blood supply probably contributed to the increased level of dose-independent vector transduction observed in the sole papilla region of the foot (Fig 1d, regions A-C) . The coronary band receives blood supply from the terminal arch blood supply as well as the coronary circumflex artery. This favourable blood supply is reflected as increased transduction in the coronary region (Fig 1d, regions  G-H) , compared with the hoof-wall lamellar layer. The low level of blood supply from the lamellar arteries in the secondary dermal lamina presents a difficult transduction scenario for the lamellar layer inside the hoof wall (Fig 1d, regions E-F) , particularly at low vector doses.
As the vector dose increased, the apparent preferential transduction of the sole and coronary regions was significantly reduced. The high-dose and surfactant-supplemented injections appear to have circumvented this blood-supply disadvantage in the hoof-wall region. The more easily transduced sole and coronary regions may have become saturated with vector when we used surfactant and at high vector doses. These conditions produced the appearance of a comparatively even distribution of vector throughout the foot. All of our vector injections were performed with the animals in lateral recumbency. The vector distribution patterns may be different in a standing animal.
In situ b-gal staining of the intact hoof slice provided a valuable context in which to observe the distal migration of transduced cells/tissues/proteins from the coronary band toward the toe, in the direction of hoof growth only 1 week after vector injection. Previous in vivo results showed that gene expression can increase significantly between Day 7 and Day 28 [12] . Conversely, multiple rAAV vector studies identify a drop in transgene expression over time due to pre-existing immune responses to vector capsid proteins and acquired responses against vector and transgene products, as well as high cell turnover [15, 16] . The histological observations seen here could have been influenced by any of these variables. In the current study, gene expression was no different between 7-and 14-day incubation times (time from injection to collection), with or without surfactant, in horses F and G. Due to variations in vector dose and diluent, other comparisons of incubation time were not valid.
The CB promoter historically produces higher levels of expression than the CMV promoter, which is prone to silencing over time in some tissues [17] [18] [19] . In the current experiments using the CB promoter, gene expression in vivo occurred at the earliest time point checked, 1 week, and was no different at 2 weeks, the latest time point for the CB promoter. The CMV promoter also produced strong gene expression at the 7-and 21-day incubation times. Incubation times from 7 to 21 days were unlikely to expose potential long-term gene silencing in these experiments. However, in previous experiments in our lab, gene expression with a CB promoter continued for a minimum of 1 year [12] .
Previously, the inclusion of surfactant as a component of the vector diluent increased in vivo gene expression in rodent stifle joints, as measured with in vivo bioluminescence imaging [12, 20] . In the current experiments in the horse, when vector was diluted with surfactantcontaining saline for delivery to the equine foot, the level of transduction increased dramatically. The ability of surfactant to increase transduction at a decreased dose could allow the use of a lower in vivo viral titre, which would minimise the risk of NAb formation and potentiate repeat dosing.
Serotype-specific NAbs can preclude successful transduction [21, 22] . After our first 2 failed attempts at transduction of the equine distal extremity with serotype 2/5, these animals and each subsequent candidate animal was tested for NAbs to serotypes 2/2, 2/5, 2/6 and 2/8. To our surprise, 100% of the horses tested were positive for NAbs to serotype 2/5. Among this test group, serotype 2/8 was the only serotype tested that did not reveal a single NAb-positive animal [23] [24] [25] . In addition, 3 animals were also tested for serotype 2/9 and one was tested for serotype 2/1. None of these tests revealed NAb-positive animals.
Conclusions
The current experiments demonstrate that transgenes can be successfully delivered to the equine distal extremity using rAAV vectors and that serotypes 2/8, 2/9 and 2/1 can successfully transduce tissues of the equine foot. When the vector was diluted with surfactant-containing saline, the level of transduction increased dramatically. The increased level of transduction due to the addition of surfactant also improved the distribution pattern of transduction.
To move toward our long-term goal of providing a practical clinical therapy for the treatment/prevention of laminitis, a next logical step is to perfect rAAV vector injection in a standing horse with a procedure more similar to a standard regional limb perfusion. Our laboratory has cloned the equine tissue inhibitor of metalloproteinase-3 gene. The product of this gene, TIMP-3, is known to specifically block several of the most destructive enzymes that destroy the hoof-coffin bone connection. While TIMP-3 is a logical choice to address the devastating degradation associated with laminitis, it is possible that TIMP-3 may not be the ultimate gene therapy 'target'. The extensive work being done now by other researchers exploring the mechanisms of the disease may identify more beneficial genes in the future, but this study should provide a strong basis for further investigations using gene therapy in equine laminitis.
